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,QWURGXFWLRQ
9DULRXVQXPHULFDOPRGHOVKDYHEHHQGHYHORSHGIRUULYHUIORZVLPXODWLRQDQGVHGLPHQWWUDQVSRUWZKLFKVROYHWKH
JRYHUQLQJHTXDWLRQVXVLQJFHUWDLQFRPSXWDWLRQDODOJRULWKPV7KHVHPRGHOVDUHGLYLGHGLQWRWKUHHPDLQFDWHJRULHV
RQHGLPHQVLRQDO'WZRGLPHQVLRQDO'DQGWKUHHGLPHQVLRQDO'>@7KHPRVWZLGHO\XVHGRQHGLPHQVLRQDO
QXPHULFDOPRGHOVDUHPRVWO\EDVHGRQILQLWHGLIIHUHQFHDQGILQLWHHOHPHQWPHWKRGV'LIIHUHQWVRIWZDUHWRROVVXFKDV
WKH+(&5LYHU$QDO\VLV6\VWHPPRGHOIURPWKH86$UP\&RUSVRI(QJLQHHUV>@DQGWKH0,.(K\GUDXOLFPRGHO
GHYHORSHGDWWKH'DQLVK+\GUDXOLF,QVWLWXWH>@KDYHEHHQXVHGH[WHQVLYHO\IRUWKHG\QDPLF'IORZVLPXODWLRQLQ
ULYHUV2QHGLPHQVLRQDOPRGHOVDOWKRXJKVLPSOHWRXVHIDLOWRSURYLGHGHWDLOHGLQIRUPDWLRQUHJDUGLQJWKHIORZILHOG
,QFRQWUDVWWZRGLPHQVLRQDOPRGHOOLQJKDVWKHDGYDQWDJHRIIORZSURSDJDWLRQVLPXODWLRQZLWKJUHDWDFFXUDF\
7KHSXUSRVHRIWKLVVWXG\ZDVWRVLPXODWHULYHUIORZDQGVHGLPHQWWUDQVSRUWZLWKWKH'K\GUDXOLFPRGHO0,.(
&7KHPDLQDGYDQWDJHRIWKLVPRGHOLVWKDWLWLVEDVHGRQDFXUYLOLQHDUERXQGDU\ILWWHGJULGZKHUHWKHJULGOLQHV
IROORZ WKH EDQN OLQHV >@ 7KH FXUYLOLQHDU JULGPDNHV WKH0,.(&PRGHO D VXLWDEOH WRRO IRU IDVW DQG GHWDLOHG
VLPXODWLRQRIULYHUK\GUDXOLFVDQGVHGLPHQWWUDQVSRUW$ILQHFXUYLOLQHDUJULGDOVRUHTXLUHVDKLJKDQDO\VLVHOHYDWLRQ
GDWD ILOHRI WKH ULYHUEHG$FFRUGLQJ WR+RUULWWHWDO >@ WKHPRVWVLJQLILFDQWSDUW LQ WZRGLPHQVLRQDOK\GUDXOLF
VLPXODWLRQVLVWKHEDWK\PHWU\UHSUHVHQWDWLRQWKDWLVWKHGHYHORSPHQWRIDQDFFXUDWHJHRPHWULFGHVFULSWLRQIRUWKHULYHU
FKDQQHO7KHUHIRUHWKHODVWIHZ\HDUVUHPRWHVHQVLQJV\VWHPVDUHXVHGLQRUGHUWRKDYHYHU\KLJKUHVROXWLRQ'(0
WRSRJUDSKLFHOHYDWLRQGDWD>@,QWKLVZRUNDKLJKDFFXUDF\'(0RIDVSDWLDOUHVROXWLRQP[PLVXVHGIRUWKH
EDWK\PHWU\UHSUHVHQWDWLRQ
6WXG\DUHD
7KH.RLOLDULV5LYHU%DVLQLVORFDWHGNPHDVWRIWKHFLW\RI&KDQLDLQ&UHWH7KHEDVLQH[WHQGVIURPWKH:KLWH
0RXQWDLQVZLWKKLJKHVWDOWLWXGHPDERYHVHDOHYHOWRWKHFRDVWOLQH7KHZDWHUVKHGKDVDWRWDOFDWFKPHQWDUHDRI
NP)LJ

)LJ/RFDWLRQRIWKH.RLOLDULV5LYHU%DVLQDQGWKHGRZQVWUHDPVWXG\DUHD
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7KH.RLOLDULV5LYHUKDVWZRPDLQWHPSRUDU\WULEXWDULHV.HUDPLDQRVDQG$QDYUHWL7KHPDLQYROXPHRIZDWHULQ
WKH.RLOLDULV5LYHULVGLVFKDUJHGIURPWKHNDUVWLFV\VWHPRIWKH:KLWH0RXQWDLQVWKURXJK6W\ORVVSULQJV.HUDPLDQRV
LVWKHPDLQWULEXWDU\UHVSRQVLEOHIRUWKHEXONRIWKHVHGLPHQWWUDQVSRUWLQ.RLOLDULV5LYHUZKLOHZDWHUIORZVIURPWKH
NDUVWLFVSULQJVKDYHDUHODWLYHO\ORZFRQFHQWUDWLRQ>@)URPWKHLQWHUVHFWLRQSRLQWZKHUHDOOWKHVWUHDPVPHHWWRWKH
RXWIORZSRLQWWKHOHQJWKRIWKHULYHULVNP
,QWKH.RLOLDULV5LYHUEDVLQWKHUHDUHWKUHHWHOHPHWULFK\GURPHWULFVWDWLRQV++DQG+DQGWZRWHOHPHWULF
PHWHRURORJLFDOVWDWLRQV0DQG0ZKLFKSURYLGHUHDOWLPHGDWD)LJXUH)RUWKHSUHVHQWVWXG\IOX[GDWDIURP
WKHK\GURPHWULFVWDWLRQRI$JLRV*HRUJLRV+LVXVHGWRGHWHUPLQHK\GURORJLFDOSDUDPHWHUV

0HWKRGRORJ\
3.1. The hydrodynamic module of MIKE 21C 
0,.(&LVDWZRGLPHQVLRQDOPDWKHPDWLFDOPRGHOIRUWKHVLPXODWLRQRIZDWHUOHYHOIORZDQGVHGLPHQWWUDQVSRUW
LQULYHUVDQGHVWXDULHV7KHK\GURG\QDPLFSDUWRIWKHPRGHOVROYHVWKHYHUWLFDOO\LQWHJUDWHG6DLQW9HQDQWHTXDWLRQV
FRQWLQXLW\DQGFRQVHUYDWLRQRIPRPHQWXPLQWZRGLUHFWLRQV>@7KHHTXDWLRQVVROYHGLQ0,.(&DUH
߲݌
߲ݐ
൅
߲
߲ݏ
ቆ
݌ଶ
݄
ቇ ൅
߲
߲݊
ቀ
݌ݍ
݄
ቁ ൅ ʹ
݌ݍ
݄ܴ௡
൅
݌ଶ െ ݍଶ
݄ܴ௦
൅ ݄݃
߲ܪ
߲ݏ
൅
݃
ܥଶ
݌ඥ݌ଶ ൅ ݍଶ
݄ଶ
ൌ ܴܪܵ 
߲ݍ
߲ݐ
൅
߲
߲ݏ
ቀ
݌ݍ
݄
ቁ ൅
߲
߲݊
ቆ
ݍଶ
݄
ቇ ൅ ʹ
݌ݍ
݄ܴ௦
൅
ݍଶ െ ݌ଶ
݄ܴ௡
൅ ݄݃
߲ܪ
߲݊
൅
݃
ܥଶ
ݍඥ݌ଶ ൅ ݍଶ
݄ଶ
ൌ ܴܪܵ 
߲ܪ
߲ݐ
൅
߲݌
߲ݏ
൅
߲ݍ
߲݊
െ
ݍ
ܴ௦
൅
݌
ܴ௡
ൌ Ͳ 
:KHUHVQDUHWKHFRRUGLQDWHVLQWKHFXUYLOLQHDUFRRUGLQDWHV\VWHPSTDUHWKHPDVVIOX[HVLQWKHVDQGQGLUHFWLRQ
UHVSHFWLYHO\+LVWKHZDWHUOHYHOKLVWKHZDWHUGHSWKJLVWKHJUDYLWDWLRQDODFFHOHUDWLRQ&LVWKH&KH]\URXJKQHVV
FRHIILFLHQW 5V DQG5G DUH WKH UDGLL RI FXUYDWXUH RI V DQG QOLQHV UHVSHFWLYHO\ DQG5+6 LV WKH ULJKW KDQG VLGH
GHVFULELQJDOORI5H\QROGVWUHVVHV
3.2. The sediment transport module of MIKE 21C 
)RUWKHVHGLPHQWWUDQVSRUWWKH(QJHOXQGDQG+DQVHQIRUPXODZDVVHOHFWHG>@7KH(QJHOXQGDQG+DQVHQ
HTXDWLRQFDOFXODWHVWKHWRWDOORDGDQGGLYLGHVWKLVLQWREHGDQGVXVSHQGHGORDGE\WKHIROORZLQJHTXDWLRQV
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:KHUH6WOLVWKHWRWDOORDG&LVWKH&KH]\QXPEHUșLVWKH6KLHOGVSDUDPHWHUJLVWKHDFFHOHUDWLRQRIJUDYLW\VLV
WKHUHODWLYHGHQVLW\RIWKHVHGLPHQWGLVWKHPHGLDQJUDLQVL]HĲLVWKHIORZVKHDUVWUHVVȡLVWKHGHQVLW\RIZDWHUX
LVWKHIORZYHORFLW\6EOLVWKHEHGORDG6VOLVWKHVXVSHQGHGORDGNELVWKHIUDFWLRQRIEHGORDGNVLVWKHIUDFWLRQRI
VXVSHQGHGORDG
3.3. MIKE21C model set-up, calibration and validation 
7KHPRVWLPSRUWDQWSURFHVVLQWKH0,.(&PRGHOLVWKHFUHDWLRQRIDVXLWDEOHFXUYLOLQHDUJULG7RGRWKLVDQ
DFFXUDWHGHVFULSWLRQRIWKHEDQNOLQHVLVUHTXLUHGWKHFRRUGLQDWHVRIZKLFKFDQEHGHULYHGIURPVDWHOOLWHLPDJHVDQG
FURVVVHFWLRQGDWD$GHQVHFXUYLOLQHDUJULGSURYLGHVDFFXUDWHVLPXODWLRQVRIWKHZDWHUIORZ$EDWK\PHWU\GDWDILOHRI
WKHULYHUEHGLVDOVRUHTXLUHGIRUWKHVHWXSRIWKHPRGHOXVLQJDYHU\KLJKUHVROXWLRQ'(0P[P
7KH K\GUDXOLF VLPXODWLRQZDV SHUIRUPHG IRU WKH WLPH SHULRGV ± FDOLEUDWLRQ SHULRG DQG
±YDOLGDWLRQSHULRG$VERXQGDU\FRQGLWLRQVKRXUO\GDWDRI WKHIORZZHUHVHW7KHKRXUO\
GLVFKDUJHWLPHVHULHVZDVREWDLQHGIURPDK\GURPHWULFVWDWLRQDWWKHXSVWUHDPERXQGDU\RIWKHULYHU0DQQLQJQXPEHU
DQG(GG\9LVFRVLW\ZHUHVHOHFWHGDVPRGHOFDOLEUDWLRQSDUDPHWHUVDORQJWKHGRZQVWUHDPULYHUUHDFK7KHVHGLPHQW
WUDQVSRUW PRGXOH ZDV FDOLEUDWHG DQG YDOLGDWHG IRU WKH WLPH SHULRG ± ZKHQ  VDPSOHV RI
VXVSHQGHGVHGLPHQWZHUHFROOHFWHGDWK\GURPHWULFVWDWLRQ+'XHWRODFNRIPHDVXUHPHQWVIRUWKHERXQGDU\WLPH
VHULHVRIVXVSHQGHGVHGLPHQWFRQFHQWUDWLRQDV\VWHPRIHTXDWLRQZDVGHYHORSHGEDVHGRQWKHVXVSHQGHGVHGLPHQW
VDPSOHV FROOHFWHG DW VWDWLRQ + DQG DFFXPXODWHG UDLQIDOO GDWD IURP PHWHRURORJLFDO VWDWLRQ0 VLQFH UDLQIDOO LV
FRQVLGHUHGWKHPDLQIDFWRUFRQWUROOLQJWKHSURGXFWLRQDQGGHOLYHU\RIVHGLPHQWLQWKHDUHD:DWHUGLVFKDUJHGHULYHG
IURPWKHNDUVWLFVSULQJVKDVORZVHGLPHQWFRQFHQWUDWLRQWKXVWKHGLVFKDUJHRIWKHULYHUFDQQRWEHFRUUHODWHGZLWKWKH
VHGLPHQWWUDQVSRUW7KHFRHIILFLHQWIRUKHOLFDOIORZLQWHQVLW\DQGWKHGLVSHUVLRQFRHIILFLHQWVLQ[DQG\GLUHFWLRQVZHUH
VHOHFWHGDVFDOLEUDWLRQSDUDPHWHUVIRUWKHVXVSHQGHGVHGLPHQWWUDQVSRUWPRGHO7KHJRRGQHVVRIWKHFDOLEUDWLRQILWZDV
WHVWHGDJDLQVWWKUHHVWDWLVWLFDOPHWULFVSURSRVHGE\0RULDVLHWDO>@WKH1DVK±6XWFOLIIH(IILFLHQF\16(3HUFHQW
%LDV3%LDVDQG506(6WDQGDUG'HYLDWLRQ(UURU565
5HVXOWV
4.1. Boundary Condition time series of suspended sediment concentration 
$ERXQGDU\FRQGLWLRQ WLPHVHULHVRIVXVSHQGHGVHGLPHQWFRQFHQWUDWLRQZDVGHYHORSHGEDVHGRQ WKHVXVSHQGHG
VHGLPHQW VDPSOHV FROOHFWHG DW VWDWLRQ + DQG DFFXPXODWHG UDLQIDOO GDWD IURPPHWHRURORJLFDO VWDWLRQ0 ,W ZDV
REVHUYHGWKDWIRUORZYDOXHVRIDFFXPXODWHGUDLQIDOOGDWD3WKHUHJUHVVLRQHTXDWLRQZDVOLQHDUW\SH(TDQGIRU
KLJKHUYDOXHVWKHUHJUHVVLRQHTXDWLRQZDVSRZHUW\SH(T
)RUPPP
ܵܵܥ ൌ ͲǤ͸Ͷ͵ ή ܲ ൅ ʹǤͻͳ͹ܴଶ ൌ ͲǤͻʹ 
)RUPPP
ܵܵܥ ൌ ͲǤͲͺ͸ ή ܲଶǤ଴଺଻ܴଶ ൌ ͲǤͺͶ 
4.2. Grid and Bathymetry results 
,QWKHFXUUHQWVWXG\DYHU\GHQVHFXUYLOLQHDUJULGRIWKHGRZQVWUHDPVHFWLRQRIWKH.RLOLDULV5LYHUZDVFUHDWHG
XVLQJ[FHOOV)LJD7KHQDEDWK\PHWU\ILOHZLWKRQO\WKHFRRUGLQDWHVDQGWKHLUKHLJKWVDERYHVHDOHYHO
ZDVFUHDWHGXVLQJDYHU\KLJKDFFXUDF\'(0P[PDQGLPSRUWHGLQWRWKHFXUYLOLQHDUJULG7KHUHVXOWRI WKH
EDWK\PHWU\ILOHLVGHVFULEHGEHORZLQ)LJE
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
)LJD7KHFXUYLOLQHDUJULGE7KHEDWK\PHWU\ILOH
4.3. Calibration and Validation results 
7KHFDOLEUDWLRQDQGYDOLGDWLRQSURFHVVZHUHSHUIRUPHGHVWLPDWLQJWKH0DQQLQJQXPEHU0DQG(GG\9LVFRVLW\
SDUDPHWHUVIRUWKH+'PRGHODQGWKHFRHIILFLHQWIRUKHOLFDOIORZLQWHQVLW\DQGWKHGLVSHUVLRQFRHIILFLHQWVLQ[DQG\
GLUHFWLRQV IRU WKH VHGLPHQW WUDQVSRUWPRGHO 7KHPRGHOVZHUH FDOLEUDWHG VR WKDW WKHPRGHO UHVXOWV WR EH LQ JRRG
DJUHHPHQWZLWK WKHREVHUYHG ZDWHU GHSWK DQG VXVSHQGHG VHGLPHQW FRQFHQWUDWLRQPHDVXUHPHQWV GDWD DW VHOHFWHG
ORFDWLRQ+7KHK\GURORJLFDOV\VWHPRIWKHVWXGLHGGRZQVWUHDPULYHUSDUWLVFRQVLGHUHGDVDPDVVEDODQFHV\VWHP
ZLWKRXWORVVHVGXHWRODFNRIPHDVXUHPHQWVDWWKHRXWOHWSRLQWDQGWDNLQJLQWRFRQVLGHUDWLRQWKHVPDOOULYHUOHQJWK
7KXVDGRZQVWUHDPFURVVVHFWLRQZLWKWKHVDPHJHRPHWU\DVWKHRQHZKHUHWKHK\GURPHWULFVWDWLRQ$JLRV*HRUJLRV
LVORFDWHGZDVVHOHFWHGDVVXPLQJWKDWDWWKLVORFDWLRQWKHK\GUDXOLFFKDUDFWHULVWLFVVXFKDVZDWHUGHSWKDQGVHGLPHQW
ORDGKDYHWKHVDPHYDOXHVZLWKWKRVHDW$JLRV*HRUJLRVVWDWLRQ7KHJRRGQHVVRI WKHILW LVHYLGHQWIURPWKHWKUHH
VWDWLVWLFDOPHWULFVWKH1DVK6XWFOLIIH(IILFLHQF\16(3HUFHQW%LDV3%LDVDQG506(6WDQGDUG'HYLDWLRQ(UURU
565WKDWSUHVHQWHGLQ7DEOH
7DEOH6WDWLVWLFDOPHWULFVIRUWKHFDOLEUDWLRQDQGYDOLGDWLRQSURFHVV
6WDWLVWLFDOPHWULF &DOLEUDWLRQWLPHSHULRG 9DOLGDWLRQWLPHSHULRG
+\GURG\QDPLFPRGHO
1DVK6XWFOLIIH  
565  
3ELDV  
6HGLPHQWWUDQVSRUWPRGHO
1DVK6XWFOLIIH  
565  
3ELDV  
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)LJGHSLFWV VLPXODWHGYDOXHV DW WKHRXWOHWSRLQWRI WKH VWXGLHG ULYHUSDUWYHUVXV WKHREVHUYHGGDWDDW$JLRV
*HRUJLRVIRUWKHFDOLEUDWLRQDQGYDOLGDWLRQWLPHSHULRGVWDNLQJLQWRDFFRXQWDGHOD\RIKRXUVZKLFKLVWKHPHDQIORZ
WUDYHOWLPHIURPXSVWUHDPWRGRZQVWUHDPORFDWLRQVRIWKHVWXGLHGSDUWRIWKH.RLOLDULV5LYHU
0DQQLQJQXPEHU0YDULHVDFURVVDULYHUFURVVVHFWLRQ,QWKLVVWXG\DFFRUGLQJWR.RXUJLDODVHWDO>@WKHULYHU
FURVVVHFWLRQVRI.RLOLDULV5LYHUZHUHGLYLGHGLQWKUHH]RQHVZLWKGLIIHUHQWEHGUHVLVWDQFH7KHILUVW]RQHUHSUHVHQWWKH
ERWWRPRIWKHULYHUSURILOHWKHVHFRQGUHSUHVHQWVWKHDUHDFORVHWREDQNVDQGWKHWKLUGWKHRYHUEDQNV]RQH$IWHUWKH
FDOLEUDWLRQSURFHVVWKH0DQQLQJQXPEHUIRUHDFK]RQHZDVIRXQGPVPVDQGPVUHVSHFWLYHO\
DQGWKHYDOXHRI(GG\9LVFRVLW\ZDVHVWLPDWHGDWPVWKHFRHIILFLHQWIRUKHOLFDOIORZLQWHQVLW\DWWKHYDOXHRI
DQGWKHGLVSHUVLRQFRHIILFLHQWVDWWKHYDOXHRIPV


)LJ2EVHUYHGDQGVLPXODWHGZDWHUGHSWKDQGVHGLPHQWFRQFHQWUDWLRQYDOXHVIRUWKHFDOLEUDWLRQDQGWKHYDOLGDWLRQWLPHSHULRGVIRUDWKH
+\GURG\QDPLFPRGHODQGEWKHVHGLPHQWWUDQVSRUWPRGHO
4.4. Two-Dimensional result maps 
7KH 0,.( & PRGHO \LHOGV WZRGLPHQVLRQDO PDSV RI ZDWHU GHSWK IORZ YHORFLW\ DQG VXVSHQGHG VHGLPHQW
FRQFHQWUDWLRQ 6XFK PDSV IRU ZDWHU GHSWK ZHUH JHQHUDWHG IRU WZR UHSUHVHQWDWLYH WLPH VWHSV RI WKH VLPXODWLRQ
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)LJDDQG)LJE7KHVHWLPHVWHSVZHUHVHOHFWHGGHPRQVWUDWLQJWKHORZDQGKLJKSHDN
GLVFKDUJHVRIWKHGDWDVHWUHVSHFWLYHO\

)LJ'PDSVRIZDWHUGHSWKDWWKHWLPHVWHSDRIORZHVWGLVFKDUJHERIWKHGLVFKDUJHSHDN
$'PDSRIIORZYHORFLW\DQGD'PDSRIVXVSHQGHGVHGLPHQWFRQFHQWUDWLRQDOVRSURGXFHGIRUWKHIORZSHDNRI
7KHVHPDSVDUHLOOXVWUDWHGLQ)LJ7KHVHJPHQWVRIWKHULYHUWKDWWKHYHORFLW\YHFWRUVDUHODUJHULQ)LJ
DDUHWKHRQHVZKHUHWKHFKDQQHOZLGWKLVVPDOORUZKHUHWKHULYHUJHRPHWU\FKDQJHVGUDVWLFDOO\,Q)LJELW LV
REVHUYHGWKDWDIWHULQWHQVHUDLQIDOOHYHQWVZKHQ.HUDPLDQRVWULEXWDU\FDUULHVODUJHVHGLPHQWORDGVWKHFRQFHQWUDWLRQ
RIVXVSHQGHGVHGLPHQWLQ.RLOLDULV5LYHUFDQH[FHHGWKHYDOXHRIPJO

)LJ'PDSVRIDIORZYHORFLW\DQGYHORFLW\YHFWRUVDQGEVXVSHQGHGVHGLPHQWFRQFHQWUDWLRQDWWKHWLPHVWHSRIWKHGLVFKDUJHSHDN
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&RQFOXVLRQV
7KHDLPRIWKLVVWXG\ZDVWKHK\GUDXOLFVLPXODWLRQRIWKHIORZYHORFLW\IORZGHSWKDQGVHGLPHQWWUDQVSRUWRIWKH
.RLOLDULV5LYHULQ&UHWH*UHHFH$WZRGLPHQVLRQDOFXUYLOLQHDUJULGK\GUDXOLFPRGHOZDVHPSOR\HGZKHUHWKHJULG
OLQHVIROORZWKHEDQNOLQHVRIWKHULYHU8VLQJDYHU\GHQVHFXUYLOLQHDUERXQGDU\ILWWHGJULGDQGDEDWK\PHWU\ILOH
ZLWK'(0LQPUHVROXWLRQSURYLGHVDJRRGIORZDQDO\VLVQHDUWKHERXQGDULHVDQGWKHUHE\DKLJKVLPXODWLRQDFFXUDF\
RI WKH ZDWHU IORZ DQG VHGLPHQW WUDQVSRUW LQ WKH ULYHU 5HJDUGLQJ WKH FDOLEUDWLRQ DQG YHULILFDWLRQ SURFHVVHV WKH
K\GUDXOLFVLPXODWLRQUHVXOWVZHUHLQJRRGDJUHHPHQWZLWKWKHFRUUHVSRQGLQJILHOGPHDVXUHPHQWVZLWK1DVK±6XWFOLIIH
FRHIILFLHQWWDNLQJYDOXHVDERYHIRUERWKFDOLEUDWLRQDQGYDOLGDWLRQWLPHSHULRGV$IWHUWKHVXFFHVVIXOFDOLEUDWLRQ
DQGYDOLGDWLRQSURFHVVWKH'PDSVRIZDWHUGHSWKRIIORZYHORFLW\YHFWRUVDQGVHGLPHQWWUDQVSRUWFRQFHQWUDWLRQ
ZHUHSURGXFHG%\XVLQJWKH0,.(&VLPXODWLRQUHVXOWVWKHK\GUDXOLFEHKDYLRUDQGWKHIORRGKD]DUGDUHDVRIWKH
ULYHUFDQEHVSHFLILHG,QDGGLWLRQWKHPRGHOFRXOGEHDXVHIXOWRROIRUWKHSUHGLFWLRQRIWKHVHGLPHQWWUDQVSRUWDQG
WKHPRUSKRORJ\FKDQJHVLQWKHGRZQVWUHDPSDUWRIWKH.RLOLDULV5LYHU

$FNQRZOHGJHPHQWV
7KHDXWKRUVZRXOGOLNHWRDFNQRZOHGJH'+,IRUSURYLGLQJWKH0,.(&VRIWZDUHXVHGLQWKLVUHVHDUFKZRUNDQG
WKH³$5,67(,$,,´$FWLRQ5(,1)25&(SURJUDPDQGHVSHFLDOO\'U$OH[DNLV'LPLWULVDQG3URI,RDQQLV7VDQLVIRU
SURYLGLQJWKHKLJKUHVROXWLRQ'(0GDWD
5HIHUHQFHV
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
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>@'+,E0,.(&E&XUYLOLQHDU0RGHO6FLHQWLILF'RFXPHQWDWLRQ'+,:DWHU	(QYLURQPHQW
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
>@11.RXUJLDODV*3.DUDW]DV$K\GURVHGLPHQWDU\PRGHOOLQJV\VWHPIRUIODVKIORRGSURSDJDWLRQDQGKD]DUGHVWLPDWLRQXQGHUGLIIHUHQW
DJULFXOWXUDOSUDFWLFHV1DW+D]DUGV(DUWK6\VW6FL
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